Summary. Forty-one diabetic patients with symptomatic diabetic neuropathy were studied together with an equal number of matched diabetic subjects without neuropathy. The acetylator status was determined and HLA-A, B, C and DR antigens were investigated. Metabolic control was assessed by measurement of glycosylated haemoglobin and by the mean of multiple random clinic blood glucose values. No significant difference was observed between the two groups in the proportion of fast and slow acetylators. The distribution of HLA frequencies was similar in subjects with and without neuropathy for both Type I (insulin-dependent) and Type 2 (non-insulin-dependent) diabetic patients. When compared with diabetic subjects without neuropathy, the neuropathy group had higher levels of both glycosylated haemoglobin (mean+ SEM: 50.1 _+ 1.4 versus 57.5 _+ 1.8 mmol hydroxymethylfurfural/mol haemoglobin (10.5_+0.3 versus 12.0_+0.4% haemoglobin A1, p< 0.01) and mean blood glucose (9.3 + 0.4 versus 11.3 _+ 0.5 mmol/1, p< 0.005). This study provides no evidence that genetic factors increase the susceptibility of diabetic patients to develop neuropathy. In contrast, the elevated glycosylated haemoglobin and blood glucose levels strengthen the association between hyperglycaemia and diabetic neuropathy.
Peripheral neuropathy is the commonest long-term complication amongst the diabetic population [1] , but its aetiology remains unclear [2, 3] . Studies both in animals [4] and man [5, 6] have suggested that poor blood glucose control plays an important part in the development of peripheral nerve damage, although there have been reports of cases of neuropathy which were apparently precipitated by the introduction of strict glucoregulation [7, 8] . A relationship between impaired nerve conduction velocities and hyperglycaemia has been demonstrated for both Type I (insulin-dependent) [9] and Type2 (non-insulin-dependent) diabetes [10] . In clinical practice, paradoxically, some poorly controlled diabetic patients never develop symptomatic neuropathy while, conversely, other diabetic patients develop neuropathy despite seemingly good blood glucose control. Thus, it has been suggested that genetic factors may be a further mechanism influencing the susceptibility of diabetic patients to develop complications [11] .
The rate of acetylation of certain drugs, such as isoniazid and the sulphonamides, is genetically determined [12] , and individuals may be classed as 'fast' or 'slow' acetylators. Whereas slow acetylators are more likely to develop peripheral neuropathy when treated with isoniazid, McLaren et al, in a study of diabetic patients with and without neuropathy, suggested that fast acetylators may be protected against peripheral neuropathy [13] . More recent studies, however, have failed to confirm this observation [14, 15] . There has also been conflicting evidence regarding the relationship between HLA genetic factors and the microvascular complications of diabetes [16] [17] [18] , although, to our knowledge, there have been no such studies in patients with neuropathy.
We therefore selected two groups of diabetic patients to investigate the relationship between genetic factors and neuropathy, using glycosylated haemoglobin and multiple blood glucose measurements to provide indices of the quality of blood glucose control.
Patients and methods

Patients
The study population consisted of 82 patients, 41 with and 41 without symptomatic diabetic neuropathy. The two groups were matched for age, sex, type and duration of diabetes (Table 1) . Each group consisted of 29 male and 12 female patients and included 20 subjects with Ranges given in parentheses Type 1 and 21 with Type 2 diabetes. All were Caucasoid subjects from the Sheffield area and gave informed consent to the studies which were approved by the Hospital Ethical Committee. Group A consisted of 41 subjects with neuropathy and painful symptoms in both legs (paraesthesiae, burning pains or cramps, with symptoms more pronounced nocturnally) for at least one year before the study, or a history of such symptoms together with neuropathic foot ulceration. Patients with symptomatic neuropathy also satisfied the following criteria: (a) motor conduction velocity (MCV) (peroneal nerve) <42m/s. The mean MCV+ SEM was 31.6+l.0m/s (range 20 41 m/s). Values were unrecordable in seven patients and they were assigned a result 1 m/s lower than the slowest MCV in the group for statistical analysis; (b) absent ankle jerks; (c) no clinical or ultrasound evidence of peripheral vascular disease (ankle pressure index greater than unity) [19] .
Group B consisted of 41 diabetic subjects without symptoms of neuropathy or peripheral vascular disease. All had normal peripheral pain sensation, foot pulses, ankle pressure indices greater than unity and subjects under 60 years of age had preserved ankle jerks. The mean MCV (peroneal nerve) was 42.7 _+ 0.7 m/s (range 37-57). A full neurophysiological characterisation of both patient groups has been described previously [20] .
Subjects were selected without prior knowledge of the quality of their diabetic control A small proportion of each group had diabetic retinopathy on fundal examination. With the exception of one subject in group A who had a serum creatinine concentration of 210 p, mol/1, all other patients had concentrations <125 gmol/1.
Glycosylated haemoglobin
Glycosylated haemoglobin levels were measured by a colorimetric technique based on the method of Fluckiger and Winterhalter [24] . Blood was collected into lithium heparin tubes and the red cells washed twice in physiological saline. The cells were lysed and the haemoglobin concentration standardised at 8.25 mmol/l. The sample was heated at 100 ~ for 6 h with oxalic acid to liberate 5-hydroxymethylfurfural (HMF). The concentration of HMF was estimated colorimetrically by condensation with thiobarbituric acid using Technicon AAI autoanalyser equipment (Technicon Instruments, Basingstoke, UK). The method was standardised using aqueous HMF solutions, these standards being taken through the complete analytical procedure. The reactions involved are non-stoichiometric and require precise control of the reaction conditions. These rigorous requirements are met by the use of our semi-automated approach. The between batch coefficient of variation obtained during this study was 5.8% and our normal range is 29-39 mmol HMF/mol haemoglobin (6.3-8.3% haemoglobin A0. The results obtained by this method correlated very closely (y= 0.2 x + 0.5, r= 0.92, p< 0.001) with those of a temperature-controlled microcolumn ion-exchange technique (Bio-Rad Haemoglobin Al Column Test). The subject with an elevated serum creatinine was excluded from the analysis of glycosylated haemoglobin results because of the presence of renal failure, which may invalidate the results [25] . Another patient with neuropathy failed to provide a sample for analysis and thus results are included for 19 pairs of Type 2 subjects.
Methods
HIM studies
Citrated blood taken for HLA genetic studies was transported in tissue culture medium 199 (Wellcome). All samples were received within 24 h of venesection. Typing for all recognised HLA-A, B and C antigens was performed using a modified microlymphocytotoxicity technique [21] and for HLA-DR antigens by a two colour fluorescence technique [22] . DR typing was only possible in 66 out of the 82 subjects for technical reasons.
Blood glucose
The mean blood glucose levels for each group were calculated from the mean of random samples previously obtained at routine diabetic clinic attendances provided that there were six or more samples available for any given patient. Values were available in 34 patients without neuropathy (mean 26 samples/patient, range 6-50) and in 23 subjects with neuropathy (mean 21 samples/patient, range 6-56). Fewer values were available in the neuropathy group because many of these patients presented with this complication.
Acetylator status
The acetylator phenotype was determined by the method of Evans [23] . Fasting subjects were given 750 mg of sulphadimidine orally. Samples were taken 6 h after drug ingestion and serum was stored at -20 ~ until analysis. Those with < 60% of the drug as the acetylated metabolite were classified as 'slow acetylators', the rest as 'fast acetylators'. This investigation was performed on only 79 patients, since three were probably allergic to sulphonamides.
Statistical analys&
Results were analysed using the Wilcoxon's signed rank test and the X 2 test. Differences in mean blood glucose were analysed using the Mann-Whitney U-test. Results are expressed as mean + SEM and the level of significance was set at p < 0.05. 
Results
HLA genetic studies
In the Type I diabetic patients, there were no significant differences between the groups with or without neuropathy with respect to the frequencies of any of the HLA-A, B or C antigens tested (Table 2 ) and the frequencies did not differ significantly from a previously described large group of Type 1 diabetic patients [26] . Similarly, there were no significant differences between the two groups of Type 1 patients with respect to HLA-DR antigens (Table 2) . When compared with a large population of Type 1 diabetic subjects, however, there was a higher, though non-significant, incidence of DR2 amongst the control subjects and those with neuropathy in this study 17 [26] . The occurrence of DR2 was always in combination with either DR3 or DR4.
In the Type 2 diabetic patients with neuropathy and control patients there was no disturbance of any of the HLA-A, B, C or DR antigen frequencies.
Acetylator status
The results of the acetylator status are shown in Table 3 . There were no significant differences in acetylator phenotypes between patients with neuropathy (Type 1 or Type 2 diabetes) and control subjects.
Glycosylated haemoglobin levels
Glycosylated haemoglobin levels in the patients with neuropathy [57.5+1.8mmol HMF/mol Hb (12.0+ 0.4%) ] were significantly higher than in the control subjects [50.1 _+ 1.4 mmol HMF/mol Hb (10.5 +0.3%)p< 0.01 ; Table 4 ]. Type 1 diabetic patients with neuropathy had higher levels than control subjects [60.8 _+ 2.4 versus 50.2+1.6mmol HMF/mol Hb (12.7+0.5 versus 10.5 + 0.3%)p< 0.01] but the difference was not significant for Type 2 patients. When the glycosylated haemoglobin levels in the groups with fast and slow acetylatots were compared, no significant differences were seen.
Blood glucose
The mean blood glucose levels in the combined group with neuropathy (11.3 + 0.5 mmol/l) were significantly higher than in the group without neuropathy (9.3 + 0.4 mmol/1, p < 0.005) ( Table 4) . Type 1 diabetic patients with neuropathy had higher levels than control subjects (11.6 + 0.5 versus 9.4 + 0.4 mmol/l, p < 0.01), but the difference failed to achieve significance for Type 2 subjects.
Discussion
There have been many studies of the relationship between genetic factors and microvascular complications. It has been argued that antigens B8 and B15 are associated with microangiopathy [27, 28] , although there is also considerable evidence to suggest that such an association does not exist [16, 18] . It has also been suggested that the frequent occurrence of diabetes in patients with Friedriech's ataxia is indirect evidence that genetic factors contribute to the development of neuropathy [29] . This present study, however, provides no support for the hypothesis that HLA genetic factors might influence the disposition to diabetic neuropathy. The occurrence of DR2 in 12% of Type I subjects with neuropathy (in contrast with 4% of a large series of Type 1 diabetic patients) [26] is probably of little significance as the mean age of onset of diabetes in the present study (29 years for the Type 1 diabetic patients with neuropathy) is considerably higher than that in the Barts-Windsor prospective family study [26] . The difference in DR2 frequency in the present series may have arisen from the misclassification of a small number of Type 2 diabetic patients as Type 1 diabetic subjects in view of the difficulties of ascertainment of true insulin dependence. This may also explain the relatively "short" duration of diabetes in some 'Type 1' subjects with neuropathy. In view of the polymorphism of the HLA system, we recognise that the present study is relatively small and it is therefore possible that a true association between neuropathy and HLA antigens has not been detected. Nevertheless, there were no detectable trends in any HLA frequencies to suggest that larger studies would demonstrate significant differences. The criteria for selection in this study were strict and every subject with neuropathy had suffered symptoms for at least 12 months. The lack of any generally acceptable definiton of symptomatic diabetic neuropathy has previously led to a vast variation in the quoted incidence of this complication [3] . The present study showed no significant differences in the proportion of fast and slow acetylators in patients with or without neuropathy. Furthermore, the glycosylated haemoglobin results of the fast acetylators were not significantly different from those of the slow acetylators. We were unable to confirm the earlier findings of McLaren et al. [13] who suggested that there was a higher proportion of fast acetylators amongst the diabetic population without neuropathy. The percentage of fast acetylators in our neuropathy subjects (46%) was similar to that recently reported by Bodansky et al. (41%) [14] . All these studies were of Caucasoid diabetic patients living in the United Kingdom. The recent study of Shenfield et al. [15] from Australia reached the same conclusions but the proportion of fast acetylators amongst neuropathy patients was higher in their study (57%).
The lack of an association between genetic factors and the presence of neuropathy was in contrast with the elevated glycosylated haemoglobin and mean blood glucose levels (obtained prior to development of neuropathy) recorded in our affected diabetic patients. It was of interest that the evidence for poor metabolic control in neuropathy patients was confined to Type 1 diabetic subjects. Therefore, the results of this study further emphasise the link between hyperglycaemia and diabetic neuropathy suggested by earlier workers [5, 6] . Several more recent studies have shown improvement in subjective and objective measurements of nerve function during periods of strict metabolic control [9, 10, 30] .
In conclusion, we have been unable to demonstrate any association between acetylator phenotype or HLA genetic factors and the presence of diabetic peripheral neuropathy. In contrast, these results suggest that hyperglycaemia, or related metabolic abnormalities, are more important factors associated with the development of established neuropathy.
